Objectives: The aim of this study was to determine the variables which show the highest association with muscle mass and to identify the most important predictors for muscle mass in elderly men with and without sarcopenia. Methods: A total of 71 men participated, aged ≥65 years. Sarcopenia was assessed using the definition of the European Working Group on Sarcopenia in Older People with determining skeletal muscle index (SMI), handgrip strength (HGS), and Short Physical Performance Battery. In addition, maximum strength at upper and lower extremities and physical activity were measured. Results: Strong correlations existed between SMI and gait speed, HGS, maximum isometric strength at leg and chest press. Physical activity showed low correlations with muscle strength. Regression analysis revealed HGS and gait speed as key predictors for SMI. Discussion: The recommendation is measuring gait speed and HGS in clinical practice at first followed by measuring muscle mass for determining sarcopenia.
Introduction
The term sarcopenia was first proposed by Rosenberg who used this term to describe the age-related loss of muscle mass (Rosenberg, 1989) . In recent years, the European Working Group on Sarcopenia in Older People (EWGSOP) and the International Working Group on Sarcopenia (IWGS) have recommended using the presence of both low muscle mass and low muscle function for the determination of sarcopenia (Cruz-Jentoft et al., 2010; Cruz-Jentoft et al., 2014; Fielding et al., 2011) . Sarcopenia is associated with different severe clinical outcomes such as physical impairment, limitation of mobility, decreased quality of life, increased risk of falls, hospitalization, and mortality (Beaudart et al., 2015; Janssen, Heymsfield, & Ross, 2002; Lauretani et al., 2003; Prado, Wells, Smith, Stephan, & Siervo, 2012) . At the societal level, it leads to an increase in health care expenditures. For example, it is estimated that the United States needs to invest US$ 18 billion a year in the treatment and consequences of sarcopenia (Janssen, Shephard, Katzmarzyk, & Roubenoff, 2004) .
In addition to the changes in muscle mass and function, there is also an increase in the percentage of body fat during aging, as the aging process implicates agerelated changes in metabolism. This includes increase in fat mass in general and the infiltration of fat tissue in skeletal muscle (Villareal, Banks, Siener, Sinacore, & Klein, 2004) . Baumgartner found in his examinations that about 15% of those with sarcopenia are also obese (Baumgartner, 2000) . On its own, severe obesity may generate unfavorable health effects, for example, insulin resistance, hypertension, decreased physical performance, and reduced quality of life (Prado et al., 2012; Stenholm et al., 2008; Waters & Baumgartner, 2011) .
Because of the far-reaching consequences of sarcopenia and obesity, it is important to know and to understand the relationships between the several aspects which are associated with the aging muscle, especially the decrease in muscle mass. Previous studies showed relationships between body fat and muscle strength, especially leg strength, in elderly women and men (Goodpaster et al., 2001; Visser et al., 2002) . The results demonstrated that lower leg muscle mass and greater fat 713637G GMXXX10.1177/2333721417713637Gerontology & Geriatric MedicineStoever et al.
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1 German Sport University Cologne, Germany infiltration in the muscle were associated with poorer lower extremity performance. These findings are supported by a review which showed results demonstrating that obesity is more influential than low whole-body lean mass referring to mobility and functional decline (Marcus, Brixner, Ghate, & LaStayo, 2012) . In addition, Sternfeld and colleagues found that higher fat mass was associated with slower gait speed and greater likelihood of functional limitation (Sternfeld, Ngo, Satariano, & Tager, 2002) . Krause, McIntosh, and Vallis (2012) assessed the relationships between fat-free mass index and anthropometric, gait, balance, and strength measures in older, sarcopenic, and nonsarcopenic persons. They found a strong correlation between fat-free mass, waist circumference, and hand-grip strength (HGS). In another study, Hairi and colleagues (2010) examined older, community-dwelling men. They evaluated the relationships between declines of muscle strength, muscle mass, muscle quality, functional limitation, and physical disability and concluded that muscle strength alone was the most useful indicator of changes in the aging muscle for use in clinical practice.
The objectives of this study were to analyze the relationships between parameters of muscle mass, muscle strength, physical performance, and physical activity in elderly men and to determine which variables have the highest impact on muscle mass. Therefore, we used the EWGSOP's definition of sarcopenia and adapted the purposes of Krause et al. to a different study population. We studied a heterogeneous sample of older communitydwelling men aged ≥65years, with and without sarcopenia and with body dimensions varying from normal to obese. To exclude the effects of gender (as reported in previous studies of sarcopenia ; Kirchengast & Huber, 2009; Krause et al., 2012) , we chose to study a sample of men only. We compared our results with these of similar studies, and discussed the implications of our findings for defining sarcopenia, especially for using in clinical practice.
Method

Participants
Volunteers were recruited by advertisement in the area of Cologne, Germany. Men who aged ≥65years were eligible for inclusion in the investigation. The exclusion criteria were any serious inflammatory, neurological, orthopedic, or cardiovascular diseases. Therefore, a self-reported questionnaire was used and a medical examination was conducted. In total, 71 men who met the above criteria participated. This study was approved by the Ethics Committee of the German Sport University Cologne. Each participant provided written informed consent.
Measurements
Muscle mass. The measurement of muscle mass was performed in the supine position using bioelectrical impedance analysis (BIA; EgoFit BIA series 4, monofrequency, Germany). Before the measurement, the participants had to adhere to different specifications according to Heyward (1998) . This method is an inexpensive and easy-to-use method and can be carried out regardless of location. The decisive parameter for the analysis was the skeletal muscle mass, which was determined by the equation of Janssen, Heymsfield, Baumgartner, and Ross (2000) . Their equation was developed not only for elderly people but also for people with sarcopenia and for using BIA (Janssen et al., 2000) . The skeletal muscle mass was converted to percent, so that the so-called skeletal muscle index (SMI) resulted (Janssen et al., 2002) . They used the term SMI because it adjusts for stature (body mass and size) and the mass of nonskeletal muscle tissues (Janssen et al., 2002) .
Muscle strength. The measurement of the isometric HGS was performed using JAMAR hand dynamometer (Sammons Preston Rolyan, Bolingbrook, IL, USA) and was carried out alternately with the right and left hand. There were at least two attempts on each side. If there was a difference of ≥10% between the two attempts, a third attempt was performed. For the statistical analysis, the best attempt overall was taken.
After a medical examination, two different kinds of maximum strength measurement were performed on the leg and chest press machine (ERGO-FIT 4000, Pirmasens, Germany) to get more information about the strength of different muscle groups and different kinds of maximum strength. At first, the maximum isometric strength (MIS) was determined. The participants were first familiarized with the test procedure and the measuring apparatus, followed by one submaximal test attempt and three maximum attempts (Morat & Preuß, 2014) . The best attempt was included in the analysis. A total isometric strength value (TIS) was additionally calculated, consisting of the sum of isometric HGS and MIS at chest and leg press. Furthermore, TIS was divided by SMI for the total relative isometric strength (TRIS).
The MIS measurement was also performed to obtain an initial value for the maximum dynamic strength measurement (MDS) at chest and leg press. The determination of MDS was performed following a standardized protocol (Baechle, Earle, & Wathen, 2008) . After three warm-up attempts, up to five maximum attempts were carried out to determine the MDS. The highest weight moved was used for the statistical analysis. Relative maximum dynamic and isometric strength (RDS resp. RIS) at leg press were calculated as the maximum strength indexed by body mass because of the different body weight levels within the study population.
Physical performance. The Short Physical Performance Battery (SPPB) is an assessment tool that combines the results of gait speed, repeated chair stands (RCS), and static balance tests for higher and lower performance groups (Guralnik et al., 1994; Ostir, Volpato, Fried, Chaves, & Guralnik, 2002; Simonsick et al., 2001) . It has been used as a predictive tool for possible disability and mortality and can evaluate lower extremity functioning in older adults. The scores range from 0 (worst performance) to 12 (best performance). This composite of tests can also be used as single items in sarcopenia research (Cruz-Jentoft et al., 2010) . For the statistical analysis in the current study, we only used gait speed and RCS because of ceiling effects in the balance section.
Physical activity. Physical activity was assessed using the German Physical Activity Questionnaire for people older than 50 years (G-PAQ50+; Huy & Schneider, 2008) . Participants reported the frequency and duration for each of different types of physical activity over the last 7 days: work in household and garden, leisure time activities, exercise/sports, and occupation. Finally, the energy expenditure was calculated using body weight and the product of intensity and duration of an activity. The overall score makes a statement on how many calories (kcal) a person expended per week.
Determination of Sarcopenia
For determination of sarcopenia, the EWGSOP's definition was used with the presented cutoff points (Table 1) . The cutoff points used for HGS within the EWGSOP's definition were originally calculated by Fried and colleagues (2001) who classified HGS into quartiles and adjusted the values for gender and body mass index (BMI). Related to this definition, sarcopenia is characterized by low muscle mass and low muscle strength or low physical performance. A person is characterized as nonsarcopenic if all parameters are normal, that is, above the cutoff point. In addition, the EWGSOP defined a further stage of sarcopenia, which is called presarcopenia. This stage is also characterized by low muscle mass but is accompanied with normal muscle strength and physical performance (Cruz-Jentoft et al., 2010 
Statistics
The statistical analysis was performed using the IBM SPSS statistics software (Version 22; IBM, Ehningen, Germany). The correlations were calculated using Pearson's correlation (r) to determine the relationships between muscle mass, muscle strength, physical performance, and physical activity. For these analyses, the significance level was set at α = 5%. For interpreting the strength of the relationship, Cohen's (1988) classification was used. According to this classification, a correlation coefficient of .10 is thought to represent a small association; a correlation coefficient of .30 is considered a moderate correlation; and a correlation coefficient of .50 or larger is thought to represent a large correlation.
For the regression analysis, the forced entry method was chosen to determine the parameters that can predict changes in SMI. Furthermore, this calculation was performed to determine appropriate predictor variables for SMI that could easily be used in clinical practice. Adjusted R 2 , standard error values, and multicollinearity statistics were used to identify the most appropriate equation. The variables which had the highest correlation with SMI (considering the multicollinearity statistics) were added in the regression analysis. Table 2 shows the characteristics of the study population. Note that 17% of the men had a normal weight, 32% were overweight, and about half of the men (51%) were obese referring to the WHO's definition. After conducting all measurements for determining sarcopenia, 33 men could be characterized as sarcopenic, and five men as presarcopenic relating to the EWGSOP's definition; they indeed had low muscle mass, but still had good performances in HGS and gait speed. The 
Results
Correlations
The correlations were analyzed in the total study population and focused on SMI (Table 3) . The results regarding muscle mass showed that SMI was strongly correlated with BMI (r = −.877), HGS (r = .555), RIS (r = .563), MIS at chest press (r = .569) and gait speed (r = .724). Physical activity assessed with G-PAQ50+ had small to moderate correlations with MDS chest press (r = .317) and RCS (r = .248). All other variables showed no significant correlations with G-PAQ50+.
Regression Analysis
Multiple linear regression was calculated with all subjects. The predictors gait speed, HGS, and RCS account for 57.1% of the variation in SMI (Table 4) 
For the current model, gait speed, t(67) = 6.04, p < .001, and HGS, t(67) = 2.35, p = .02, are significant predictors of SMI. The predictor RCS had no significant impact on the dependent variable, t(67)= −1.11, p > .05.
Discussion
We analyzed the relationships between parameters of muscle mass, muscle strength, physical performance, and physical activity in a heterogeneous group of elderly men. The results of the multiple correlation analysis showed strong correlations between SMI, BMI, and gait speed with r > .6. The regression analysis with SMI as the criterion indicated that the key predictors are gait speed and HGS in terms of muscle function. RCS was not important for the prediction of SMI. Together, these variables can explain more than 57% of the variability. Note. Means ± standard deviation are shown. EWGSOP = European working group on sarcopenia in older people; BMI = body mass index; SMI = skeletal muscle index; RCS = repeated chair stands.
Correlations
The first objective of the analysis was to determine the variables with the highest association with SMI. The results revealed the strongest correlation between SMI and BMI (r = −.877) which can be explained by the fact that they both represent body composition. This result is considerably higher than the calculated correlation between fat-free mass and BMI (r = .447) in the study of Krause et al., but they used a different parameter of body composition, that is, fat-free mass index. Our study sample had a wide range of BMI and SMI because we included participants with and without sarcopenia and with obesity, overweight, and normal weight. Although the use of BMI as an index of obesity has been criticized in previous studies, it is still the primary measurement to assess obesity (Rejeski, Marsh, Chmelo, & Rejeski, 2010) . Other authors suggested to use waist circumference or waist-to-hip ratio in addition to BMI (Pischon et al., 2008) . Another high correlation existed between SMI and gait speed (r = .724). Note that the relationship between SMI and gait speed, a parameter of physical performance, is stronger than with parameters of muscle strength. This result strengthens the importance of muscle mass and gait speed for the determination of sarcopenia. This is different to the results of Krause et al. because they showed a strong relationship between fatfree mass and HGS (r = .633) but not with gait speed (r = −.023). The reasons for this may be a longer walking distance (12m vs. 6m), different assessment tools (e.g., digital vs. pneumatic hand dynamometer), and a different population studied (assisted-living vs. communitydwelling persons). Furthermore, they investigated participants with normal weight (mean of BMI ≈ 25kg/ m 2 ) only. In contrast, about half of our participants were obese and over 30% were overweight.
Our results strengthen the EWGSOP's definition and algorithm because they emphasized the importance of measuring gait speed by positioning it at the top of their algorithm. In their opinion, gait speed is the easiest and most reliable way to get a first impression for identifying sarcopenia in clinical practice (Cruz-Jentoft et al., 2010) . Mention that measuring gait speed does not replace the determination of muscle mass, but this assessment is more extensive and needs special equipment. Note. G-PAQ50+ = German Physical Activity Questionnaire 50+; BMI = body mass index; HGS = hand-grip strength; RDS = relative dynamic strength leg press; RIS = relative isometric strength leg press; MIS = maximum isometric strength chest press; MDS = maximum dynamic strength chest press; TIS = total isometric strength; TRIS = total relative isometric strength; GS = gait speed; RCS = repeated chair stands; SMI = skeletal muscle index. All bold values indicate strong relationships (r > .5) with SMI. *Correlations significant at p ≤ .05. **Correlations significant at p ≤ .01. Note. Dependent variable: skeletal muscle index; R = .756 and R 2 = .571; VIF = variance inflation factor; HGS = hand-grip strength; RCS = repeated chair stands.
Furthermore, SMI also had a strong correlation with parameters of muscle strength which are HGS, RIS, and MIS at chest press. But measuring maximum strength at chest or leg press has less ease of use than measuring HGS and is often not available in clinical practice. Previous studies showed that HGS is strongly related to lower extremity muscle function (Lauretani et al., 2003) . They recommended introducing HGS in the routine of geriatric clinical practice because it is a simple, rapid, and inexpensive method.
Physical activity was assessed by the G-PAQ50+. The results of the correlation analysis showed only small to moderate relationships to MDS chest press and RCS. Similar results were shown by Garcia-Artero and colleagues (2007); they investigated the relationship between the level of physical activity and physical fitness, that is, muscle strength, and found no significant correlation between physical activity and muscle strength index.
Regression Analysis
Our second objective was to identify the most important predictors for muscle mass via multiple regression analysis. SMI was chosen as the criterion in this analysis because muscle mass is the most important factor for determining sarcopenia. In any definition used, low muscle mass is included for characterizing a person as sarcopenic (Cruz-Jentoft et al., 2014) . Our analysis showed that the criterion muscle mass has accounted for most of the variance by the predictors gait speed and HGS in terms of muscle function. This confirms previous studies that could show that muscle mass and strength have an important relationship, for example, Krause et al. (2012) . They showed that waist circumference and HGS had the strongest correlation with fat-free mass.
In comparison to gait speed, the influence of RCS was rather low, although this is also a functional parameter; and in both cases, the leg muscles are an important factor. In our study, the relationship was clearly stronger between SMI and gait speed than with RCS. This supports the results of Castillo and colleagues. They also did not find any relationships between fat-free mass and chair-stand test (Castillo et al., 2003) . Note the large variance in our regression analysis explained by 57% because it is remarkable given the small number of added predictors.
Definition of Sarcopenia
The EWGSOP's definition of sarcopenia involves not only muscle mass and muscle strength but also physical performance. On one hand, this increases the complexity, but on the other hand, this allows the consideration of several parameters which may be important for the development of sarcopenia. The decision to use the definition of EWGSOP in the present study was in particular caused by the existing assessment tools and the presented cutoff points that are available for each of the three domains (Cruz-Jentoft et al., 2010) . When using IWGS's definition of sarcopenia, an elderly person is only considered sarcopenic if she or he has slow gait speed along with low muscle mass (Fielding et al., 2011) . In our study, this would have been the case in only a minority of subjects. However, low HGS was mainly the decisive criterion for being sarcopenic and not low physical performance. This problematic situation has been discussed already in several studies (Beaudart et al., 2015; Cooper et al., 2012; Cruz-Jentoft et al., 2014; Volpato et al., 2014) . Our results strengthen the use of gait speed in clinical practice because this is a reliable, fast, simple, and inexpensive assessment (CruzJentoft et al., 2010) .
Limitations and Future Research
Our study was conducted with a small sample size that will be increased in future studies. We only included male participants, so it would be an important aspect for further studies to include women as well. It would be interesting to conduct these analyses in different populations and to compare the results, for example, community-dwelling versus assisted-living elderly persons. In our sample, we had a large heterogeneity in anthropometric variables, but overall, these men seem to have a high level of functioning. It could also be an important step to include more parameters in the analysis, for example, nutritional aspects or hormonal factors, to know more about the factors that influence the decrease of muscle mass.
Conclusion
Our findings in a heterogeneous sample of older men strengthen the EWGSOP's algorithm and definition of sarcopenia because of the strong relationships between SMI, gait speed, and HGS. In clinical practice are needed reliable, fast, and low cost measurements for determining sarcopenia. We therefore recommend measuring gait speed and HGS in clinical practice at first followed by measuring muscle mass.
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